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SUMMARY

As part of the continuing DOE effort to upgrade personnel neutron

dosimetry,’ the Health Division at Los Alamos has developed a portable,

battery-operated, computerized neutron spectronleter/dosimeter.2 The

instrlunent has a built-in tissue-equivalent LET neutron detector, 128-channel
3,4

pul$e height analyzer with integral liquid crystal display, and ~ micro-

computer system which calcu”lt~tesdose and dosu rate frontneutrons ‘ncident

on the detector. The instrun]errtwill, ~t the user ‘:;option, display a raw

d~ta spectrum or a spectrum of rad or rem ~s t]function of keV per micron of

equivalent tissue. The dosilwter will tilso cdlculate and display iiccumuliit[!d

dose in mill irad and mill ircn],as well as (jivir~(lthe user ncut,ron dosf’rclte’;

in nlillirad and rnilliren]per hour.
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output from the counter is digitized and converted to spectral information.

From the resulting pulse height spectrum accumulated dase is calculated and

displayed. The dose rate is determined by dividing accumulated dose by the

time elapsed, up to 20 hours. The resulting dose rates are displayed

directly below the figures for accumulated dose.

A useful feature built into the LET counter is a calibration sy~tem.

This system consists of an internal Cm244 alpha sc~’rcewhich can be exposed to

the detector by activating a built-in mag;letic shutter. A spectrum of the

alpha source is taken and the g~in of the input ~mplifier is adjusted to place

the alpha peak in a predetermined ctvnnel number in the “128-channel analyzer.

When the alpha peak is in the right position, all the constants used to

calculate dose from the pulse height spectrum will be valid.

ELEC1’RONIC DESCRIPTION

A block diagrdni of the neutron spectrometer/dosimeter is shown in Fig. 2,

It consists of three basic sections: input signal processing unit, microcomputer,

and display.

Thq input section is a stcind~rd pulse height analyzer frcnt end. Pulses

from the detector are shaped and amplified by a preanlp and then are fed, with

the proper timing, to ~n 8-bit analog-to-digital col]vert.er, The ccnverter

outputs a digital word whose magrlitude is proportion~l to the height of the

irput pulse,

The mic;-ocomputer is designed ~round an NSC800 low power (MOS nlicro-

processor manufactured by Natjonal semiconductor. [he microprocessor is

supported by 8K b,ytesof program Inemory ~nd !IKI),ytcsof d~ta memory, all of

which are low power CMOS in order to keep bat.ter,ydrtiin to trminimunl. T);e

mewry h,isbeen tndde suftic;iently l~r(jc to ~llow for future expansion of

function’;, The ucer communicates with the colllput,crthrough a 16-ketyke,ybo~rd

Iocdt.eijOrlthe front panel of the ?tlstrum~nt, Mitt) t.}~ekuyljmrcl dll uf the

f IIrI(:t iorlf,Itld d i‘;~)ldy HKdes car) b(’ r[!iltlil,yC,IIl{!du~l,

‘IltcdiI~Jl,]yis ,1dot mi]trix lcd ,~t’r,],y80 dot’,widu dnd ?U dots hi(JI1.

thu Illicr“ocomput.crcommun icd:P$ wlt,h it throu(Ih two lcgic cards, on(?of which

i’,I)rovid(!dI)ythe displd,y manufact~lrc~ri]s ~),]rtof thu displ~,y, The display

]o!jiccent.ain~ ,]11 the circuits rwc(~s’,aryto conv(’r’tthe di]ta from

comput(~r+to rr?adal)lesiwctrdl or dose inforvnatiotl,~s re((l.lired,A’

the displ{]y logic is dn on-board men~ory drrClywhich \to~i!S currcilt

if]fornkltiona ‘Thi:,arr~.y with its assoclat,c’dlo(jicrefr~shes the d

Iwriodicdll,y so that the contrcrl processor riopsn’t havr to be tied

lon(jp(’riods rewritin(j the salne dat~ to thv displa,y over and over,
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FUNCTIONAL DESCRIPTION

All of the functions of the spectrometer/dosimeter are accessible via

the keyboard located on the front panel of the instrument.. This keyboard

includes keys to generate and move pulse spectra , generate dose information,

d initiate signal acquisition.

Signal acquisition is controlled by two keys, ACQ and HLT. The acquire

key, PCQ, causes t;ieinput circuits to be enabled and initiates input signal

processing by the microprocessor. Signal processing continues until the

halt key, HLT, is pressed. The HLT key inhibits the passage of further input

pulses through the system.

There are five keys which allow the operator to generate $~arious types

of displays. Of these five, all but the DOSE key cause different types of

spectra to be generated. The DOSE key, when pressed, will cause the micro-

processor to calculate from the raw data accumulated dose and dose rate. The

information is then presented on the display in units of millirad, millirem,

millirad/hr, and millirem/hr. A pulse height spectrum of incomirigdata will

be generated on the display when the DATA key is pressed. Pressing the LOG

key yields a spectrum of the same data displayed in semilog format. When the

RAD key is pressed the instrument will present a plot of the dose in millirads

as a function of keV per micron of tissue. The REM key performs a similar

function but displays ~ccuwulated dose in millirem a:,iIfun(;ticn of k~?Vper

micron of tissue,

Four modify keys ~re prev!ded on the ir}’;trumentto modify displajfed

spectra, aiding in the iinalysis of spectral it)form~tiorr, The up arrow a~d

dowrl~rrow kej’sore vertic~l scale control keys. When i)rcssed, they >cale the

spectrum up or down, Th~ l~!ftarrow kt),yallows the user to rol”!the display

left horizontally, ten channel:; at iItime. so th~t ~11 128 ch~r]nel~ of ~ny

spectral nl~ybe viewed. In the same wd,y, the ri(jhtarrow ke,yrolls the displ~y

to the right ten ch~nnels ~t a time,

Finally, there are two control keys on the k(’vl)oard, rht2 fir~t of these

is the CLR or clear key, The CLR ke,ysimply cledrs whdtever is being di~p’l~yed,

be it dose or spectral information, ‘Thiskey riervesas an aid in c,~lit)ratinq

the !]ainof input circuits and finds use whenever the olprator needs to clcay

tho data n~emories. The other control key is reset, I{ST, The RSl kc,y

r(:init.ializcsthe instrlmlcnt. It has the sdltlcvffcct. as turnin(j the pow(’r

off and hack on, The RS”Tk[!.yis used to start, the do~+imet,erwhile keepintj all

the internal power su~)plies stat]”le,
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USE AND APPLICATIONS

The neutron spectrometer/dosimter was designed to aid those concerned

with neutron dosimetry in characterizing hiq!lerenergy neutron fields.

is important to note that the “

energieS below about 100 keV.

simplicity of operation ensure

where workers might be exposed

It

nstrument 1s not designed for neutrons w-th

The SIII:I1size of the dosimeter and its

that it should find wide use in any area

to fields of high energy neutrons.
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.~————— SUMMARY

As part of the continuing DOE effort to upgrade personnel neutron

dosimtr~,~the Health Division at Los Alamos has developed a portable,

battery-operated, computerized neutron spectrometer/c!osimeter.&The

instrument has a built-in tissue-equivalent LET neutron detector, 128-channel

W and a micro-pulse height analyzer with integral liquid crystal display,

computer system which calculates dose and dose rate from neutrons incident

on the detector~The instrument will, at the user’s option, display a raw
.--—..—
data spectrum or a spectrum of rad or rem as a function of keV per micron of

equivalent tissue. The dosim?ter will also calculate and display accumulated

dose in millirad and millirem, as well as giving the user neutron dose rates

in millirad and millirem per hour.

- .- GENERAL DESCRIPTION

The neutron spectrometer/dosimeter was developed to provide the health

protection technician with full capability for field measurements of high

energy neutron flux. The instrument, shown in Fig. 1, is packaged in a

single case 25 cm in length, 15 cm in width, weighing 8.4 pounds. Controls

consist of a power switch and a 16-key keyboard which calls all of the

spectrometer and dosimeter functions of the instrument. The spectrometer/

dosimeter is powered by a set of 6 AA NiCd batteries which have an ave~~ge

lifetime of 4 to 5 hours.

“L The neutron spectrometer/dosimeter is designed around a linear energy j

~ transfer (LET) proportional counter. ~ This counter consists of a hollow

plastic sphere filled with a tissue equivalent gas. The gas reacts to recoil

protons generated in the plastic wall in much the same way as a 2-micron

sphere of human tissue. Incoming neut?’ons generate recoil protons in the

tissue equivalent wall. The charge deposited by these protons is directly

proportional to the”ir LET. The detector pulses thus represent the ~wctrum

of absorbed dose as a function of LET in the small tissue volume,
5

The pulse
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